Abstract-It was found that ryegrass seed treatment by maleic hydrazide leads to deep and different trans formation of basic structural components of leaf anatomy. The results of this transformation depend on leaf development stage and increase with growth of leaf number. The prolongation of treatment is more efficient than increasing of drug concentration and may suppress the development of leaves and their vascular system. The connection between leaf anatomy transformation after maleic hydrazide treatment and genome func tion was discussed.
INTRODUCTION
Study of principles of formation of tissues and organs of plants is considered to be one of the most challenging problems of plant physiology. These stud ies make it possible to direct morphogenesis and, therefore, to obtain organisms with desired proper ties. This approach may be realized via treatment of plants with physiologically active substances in cer tain periods of their development [1, 2] . Deepness of these transformations depends on the method of treatment of regulatory systems and its selectivity and power as well as on the condition of the plant itself at the time of treatment.
One of the tools for such treatment may be sub stances that affect the genetic regulation system. The result of the treatment is mainly defined by its time and duration, because the morphogenesis itself is the consequence of sequential gene switching. The vascu lar system appears to be of special interest, because its development is controlled by different groups of genes, which sequentially get involved in this process begin ning from the moment of primordium formation until the mesophyll structure formation that is typical for mature lamina [3] . It should be noted that the cover of conducting bundles contain micro RNA, which is directly involved in morphogenesis and whose role in this process is not fully understood yet [4] . Moreover, changing of vascular system structure may indirectly affect the development and function of other struc tural elements of plants.
The present research was aimed at the studying of the possibility of regulation of conducting bundle for mation in Lolium perenne L. leaves by preliminary treatment of seeds with a weak mutagen, maleic acid hydrazide (MAH).
MATERIALS AND METHODS
The object of the study was the vascular system of the first three leaves of ryegrass (L. perenne) that are developed in different periods of ontogenesis [5] . To affect the genetic regulation system, maleic acid hydrazide, the preparation that possesses slightly mutagenic and clustogenic properties, was used [6] . L. perenne was chosen as the object of the study, because this plant has some advantages in comparison with tra ditionally used Arabidopsis, rice, corn, etc. [7] .
The experiments were carried out with breeds RAPID and SAKINI, which differ from each other by their reaction to MAH [8] . To perform the treatment, 0.0005% and 0.008% preparation solutions were pre pared. Seeds were treated for 24 h and 48 h. The con trol seeds were kept in distilled water. All the condi tions, plant growing, and preparation for microscopic analysis were formerly described in [8] . Permanent preparations were analyzed using the Biolam micro scope equipped with an MFN 12 micro photo attachment. Digitalized images were used for mor phometric analysis using the ImageJ program. The areas of the central and lateral conducting bundles and their outer cover and conducting elements of xylem and phloem were measured. The statistical analysis of the obtained data was performed with Statistica 6.0. 
RESULTS AND DISCUSSION
Leaves of L. perenne typically contain five longitu dinal conducting bundles, which differ from each other by size and development of structural elements. The central bundle is the most developed one. It is formed earlier than the others [5] and reaches the highest differentiation degree. The lateral bundle is characterized by considerably smaller diameter. It is sometimes difficult to distinguish individual types of cells on its cross section. The second bundle, which is located between them, is very poorly differentiated. Moreover, the caryopsis of L. perenne contains two leaves that begin their formation in embryogenesis. The third leaf is represented by poorly developed pri mordium [5] . These facts allow us to suggest that vary ing duration of the treatment with MAH would result in affecting different groups of genes, which provide the formation of vascular system in individual leaves and their parts.
The first evidence of correctness of this approach was the change in the number of conducting bundles that depended on concentration of MAH and dura tion of treatment (Table 1) .
These data show that the first leaf was not sensible to the preparation. The most obvious changes occurred in the third leaf, which at the time of treat ment did not start to form. The second leaf took inter mediate position. In this leaf, the number of conduct ing bundle was increased in the case of intensive treat ment of seeds only. This treatment implied prolonged treatment (48 h) of seeds with high concentration of the preparation. In the third leaf, the increase in the number of bundles was observed already after 24 h of treatment with low concentration of MAH (the SAKINI breed). All these changes added up to the sta ble formation of extremely poorly differentiated bun dle with low diameter in the extreme distal zone of lamina, right behind the lateral bundle. The most impressive result was obtained for the third leaf of the RAPID breed. Here, the intensive treatment led to the increase in the number of bundles to 9 (figure). All these bundles were characterized by small diameter and were poorly differentiated. Therefore, the preparation is most effective when its application coincides in time with initial stages of formation/development of the third leaf primordium. It is well known that the place of formation of the con ductive bundle primordium in monocotyledonous plants is determined by the PNH genes in this very moment [3] . Later, these genes become silent, and instead of them TERMINAL EAR 1, KNOX, and some other gene groups get involved in the process [3, 9] . These genes determine the development of struc tural elements but not the possibility of bundle forma tion itself. Therefore, it may be suggested that in the first leaf, at the time of treatment, the expression of PNH genes was already finished. It was absent in the second leaf as well, but, nevertheless, it was possible that some of these genes could undergo treatment with MAH under certain conditions. In the third leaf, these genes are active and, thus, accessible for MAH mole cules. As for the interbreed differences by the third leaf, they may be explained by difference in the time of conducting bundle primordium formation in RAPID and SAKINI breeds as well as by genetically deter mined sensitivity to the preparation.
To analyze the reactions of different tissues to treat ment with MAH, it is convenient to use relative values of area of the structural elements of the cross sections rather than absolute ones. Therefore, the physiologi cal activity coefficient of the preparation (PAC) was introduced. This coefficient is determined by dividing of the area of the certain structure in the experimental variant by its area in the control [10] .
The obtained results (Table 2 ) demonstrate the dependence of the vascular system reaction on the method of seed treatment, stage of the connecting bundle, leaf development at the moment of prepara tion application, and the breed features.
First of all, it should be noted that sometimes a structural element may react to the presence of MAH but not to the change in its concentration or the dura tion of treatment. This concerns, for example, the central bundle of the first leaf of the RAPID breed, whose area was decreased by approximately 15%. Less differentiated lateral bundle demonstrates similar TIKHANKOV rigidity in this leaf of the same breed. However, the increase in the size of the lateral bundle in comparison of the control by 12% was observed at an 0.008% con centration of MAH and short term treatment. Long term treatment leveled this effect. Apparently, the pre cise concentration and narrow time interval are required to obtain a positive result. This is, apparently, due to the successive gene work in ontogenesis. The SAKINI breed is characterized by higher lability of the conducting bundles of the first leaf; especially the lat eral one, which is the most poorly differentiated. However, the absence of the reaction to either MAH concentration (the phloem of the central bundle of the third leaf of the RAPID breed) or the duration of treatment (the phloem of the lateral bundle of the sec ond leaf of the SAKINI breed) was observed alongside with the increase of the number of the leaf. Usually, the change in the duration of preparation application was more effective than the change in its concentra tion. This effect was most obvious in the third leaf of both breeds, which, in contrast to the first two leaves, at the moment of treatment was represented by pri mordium. Taking into account previously obtained results [8] it is not possible to consider the increase in the treatment duration as the simple increase in the amount of preparation in tissues.
The concentration of 0.008% is the threshold, the exceeding of which leads to the sharp suppression of development regardless of the duration of MAH appli cation and breed features of plants [8] . Slight retardant effect (SAKINI), which increased alongside the increase of the leaf number, was the consequence of the long term (48 h) treatment with this solution. However, a considerable stimulation of development (third leaf of RAPID) was also observed. The impor tant moment is that the diversity and diapason of reac tions to MAH treatment is increased alongside with the increase in the number of a leaf. In other words, the preparation is most effective if applied at the early stages of organogenesis.
As for the conducting elements of xylem and phloem, their reactions are often not identical. Either xylem or phloem underwent stronger influence depending on the method of treatment. Comparing the reaction of these tissues to MAH in the individual leaves, we observed that their area on the cross sections changed similarly (increased or decreased) in both central and lateral bundles in the first and third leaf. However, the second leaf was characterized by activa tion of development: for example, activation of phloem development in one bundle and its suppres sion in the other. This may suggest that genes respon sible for the phloem formation are the most vulnerable with respect to MAH in the narrow time interval in which the second leaf exists at the time of treatment.
It is noteworthy that considerable decrease in the area of these two tissues may be followed by consider ably less decrease in the area of the bundle itself (the central bundle of the third leaf of both breeds). This phenomenon points to the special role of parenchymal elements and the inner cover in the stabilization of the bundle size. This result may be considered to be the evidence of the protective reaction of the plant against an alien factor, which occurs at anatomical level. Apparently, the bigger the number of a leaf, the more effectively 48 h treatment destabilizes morphogenesis regulation. In the SAKINI breed, this destabilization occurred as strong suppression of development, while it occurred as intensive development of the third leaf [8] and its structural elements in the RAPID breed.
Therefore, our study has shown that use of MAH at the early stages of tissue formation and organogenesis results in more significant rearrangement in their structure than it would at later stages. This occurs as an increase in the number of conductive bundles and an increase in the deepness and width of the tissue reac tion diapason alongside with the increase in leaf num ber. The precise choice of the treatment interval is required in order to reach the maximal effect. Indeed, the most considerable changes in the number of the conducting bundles were observed in the third leaf, while the most diverse reactions of the conducting ele ments were observed in the second leaf. Individual structures may demonstrate indifference with respect to the change in MAH concentration and/or the dura tion of treatment. However, the deepest changes were observed in the third leaf after 48 h treatment with MAH. The RAPID breed demonstrated activation of its development, while the SAKINI breed was charac terized by inhibition of development. 
